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1.0 INTRODUCTION / PURPOSE 

Burns and McDonnell Engineering Company Inc. has been retained by HDSI, LLC to provide 

engineering and permitting support for the High Desert Solar Project (Project). The purpose of this 

drainage study is to describe and document drainage management and to support a Conditional Use 

Permit (CUP) through the City of Victorville, CA.  

The Project is planned to be a nominal 108-Megawatt AC (MWac) solar photovoltaic (PV) power plant 

and will interconnect to the existing High Desert Power Plant located in the northwest portion of the City 

of Victorville, California. In addition to the PV arrays, the development will include internal access roads, 

equipment pads, chain link perimeter security fences, and an overhead transmission line (gen-tie) to the 

point of interconnection. The project site consists of approximately 607 acres and is located east of the 

intersection of Colusa Road and Helendale Road (Figure 2-1). The owner and future operator of the 

Project is: 

HDSI, LLC 

200 West Madison St., Suite 3810 

Chicago, IL 60606 
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2.0 SITE DISCUSSION 

The High Desert Solar Project is a large single development located within portions of Sections 2 and 11 

Township 6 North, Range 5 West, of the San Bernardino Meridian (34.6310°, -117.3726°). It is 

approximately 8 miles northwest of Victorville, California, within San Bernardino County. The site is 

considered part of Zone 6 of the San Bernardino County Flood Control District Overall District Zones. 

Due to the location and distance away from the City of Victorville, the High Desert Solar Project does not 

tie into the Victorville Master Plan of Drainage. 

The property and surrounding areas are mostly vacant desert terrain with sparse, native desert scrub. 

However, the site also contains several disturbed/developed areas consisting of old structures and illegal 

dumping as well as large tracks of undeveloped land. There are several underground utilities that cross the 

site, including: a natural gas pipeline, reclaimed water pipeline(s), and telecom communications cables. 

See Figure 2-1 for an aerial view of the site. 

The site falls within the Alto (Upper Basin) subarea of the Mojave River Watershed. The Mojave River is 

approximately ½ mile east of the eastern border of the site. The existing site is divided by a small ridge 

running north to south.  To the west of the ridge, the property slopes gradually toward the northwest with 

grades between 0-2%. To the east of the ridge, the property slopes east toward the Mojave River with 

varying grades up to 10%. 

The soils information was gathered through the United States Department of Agricultureôs (USDA) Web 

Soil Survey. The site consists of National Resource Conservation Service (NRCS) soil groups A and C. A 

further report of the siteôs properties may be found in Appendix B. 

For the hydrologic analysis, the site was divided into eleven separate subareas. Topographical features 

such as flowlines, ridges, etc. and post-developed roads determined how the subareas were divided. See 

Figure 2-2 for the division of subareas. A topographical survey with 1ô contours was used to subdivide 

the northern half of the site while 20ô USGS contours were used for the southern portion of the site.  

The Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM), Numbers 

06071C5150J and 06071C5125H covers the Project. The effective dates of these are August 28, 2008, 

last revised on September 2, 2016 and August 28, 2008.  The entire Project site falls within Zone X, 

which is defined as ñareas determined to be outside the 0.2% annual chance floodplain.ò The Zone X is 

not regulated by FEMA nor the local floodplain administrator. The FEMA FIRM can be found in 

Appendix G. 
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In its pre-developed state, the site has little impervious surfaces; primarily existing foundations for old 

homes. The net gain of impervious areas due to the construction of the solar farm was estimated to be 

approximately 0.28%, a minimal increase to the pre-developed site conditions.  
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Figure 2-1: Aerial View 

(not to scale) 
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Figure 2-2: Subarea & Topography View 

 
(not to scale) 
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3.0 RAINFALL DATA 

Rainfall data for the site was collected through the NOAA National Weather Service ï Precipitation 

Frequency Data Server. The results for each can be found in Appendix C. The data from these tables were 

used to calculate the pre- and post- development peak flow rates and runoff volumes. The pre- and post-

development hydrographs were also created for the 100 year and 10-year events, and can be found in 

Appendix D. 
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4.0 ONSITE RUNOFF 

The site was subdivided into eleven separate drainage areas based on the site characteristics explained in 

Section 2.0, each with their respective downstream outlets (Figure 5-1). The Rational Method was used to 

estimate the peak flow rates across the site. 

4.1 Rational Method 

The methodology for calculating peak flow discharge and runoff volume was adapted from the San 

Bernardino Hydrology Manual. As advised by the manual, the Rational Method is preferred for sites less 

than 640 acres when determining the peak flow discharge: 

ὗ ὅὍὃ 

where Q = Peak flow discharge (cfs) 

C = Runoff coefficient 

I = Intensity (in/hr), and 

A = Area (acre) 

To estimate the intensity for each subarea, a rainfall duration was needed for each subarea, in combination 

with NOAAôs rainfall frequency data. A time of concentration (Tc) was calculated for each subarea by 

using the length of the most distant point from the outlet. The times of concentration were then used as 

the rainfall durations to find the NOAA intensities. A runoff coefficient was estimated for each subarea 

using the methods of the Hydrology Manual. See Appendix A for further information regarding the 

Rational Method Calculations.   

Columns 3 and 4 of Tables 4-1 and 4-2 show the results of the Rational Method peak flow rate results. 

The tables show the peak flow rates generated from the 607 acres site under both pre- and post- developed 

conditions for the 10-year and 100-year storm events in respect to the time of concentration estimated for 

each subarea. The results for both the 10-year and 100-year are provided in accordance with City of 

Victorvilleôs requirements. The detailed calculations can be found in Appendix A. 
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4.2 Pre-Developed 

Table 4-1: Pre-developed Characteristics 

Subarea Area (acre) 100yr Q (cfs) 10yr Q (cfs) 100yr/24hr 
V (ac-ft) 

100yr/1hr   
V (ac-ft) 

10yr/24hr   
V (ac-ft) 

A 16.35 22.74 9.76 2.03 0.20 0.83 

B 78.76 66.67 22.42 9.77 0.98 4.01 

C 35.90 13.89 0.74 4.45 0.45 1.83 

D 7.91 21.15 10.56 0.98 0.10 0.40 

E 119.70 64.70 0.00 3.83 0.09 0.50 

F 41.86 40.64 14.91 5.19 0.52 2.13 

G 24.57 41.01 15.31 0.79 0.02 0.10 

H 39.74 54.39 23.27 4.93 0.49 2.02 

I 10.58 10.75 4.04 1.31 0.13 0.54 

J 197.52 64.81 0.00 6.32 0.15 0.82 

K 33.67 46.40 19.90 4.18 0.42 1.71 

Total 606.56 447.13 120.92 43.76 3.56 14.88 

Q = Peak flow rate 

V = Volume 

cfs = cubic feet per second 

ac-ft = acre-feet 
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4.3 Post-Developed 

Table 4-2: Post-developed Characteristics 

Subarea Area (acre) 100yr Q (cfs) 10yr Q (cfs) 

100yr/24hr V 

(ac-ft) 

100yr/1hr   V 

(ac-ft) 

10yr/24hr   V 

(ac-ft) 

A 16.35 22.76 9.79 2.03 0.20 0.83 

B 78.76 66.78 22.53 9.77 0.98 4.01 

C 35.90 13.94 0.80 4.45 0.45 1.83 

D 7.91 21.16 10.57 0.98 0.10 0.40 

E 119.70 64.98 0.28 3.84 0.09 0.50 

F 41.86 40.70 14.97 5.19 0.52 2.13 

G 24.57 41.06 15.37 0.79 0.02 0.10 

H 39.74 54.45 23.33 4.93 0.49 2.02 

I 10.58 10.76 4.06 1.31 0.13 0.54 

J 197.52 65.28 0.38 6.35 0.15 0.83 

K 33.67 46.45 19.94 4.25 0.44 1.76 

Total 606.56 448.33 122.02 43.90 3.58 14.96 

Q = Peak flow rate 

V = Volume 

cfs = cubic feet per second 

ac-ft = acre-feet 
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4.4 Site Plan 

The civil sitework will primarily consist of cutting and crushing the existing site vegetation as necessary 

to accommodate the new solar arrays, minimized grading focusing on the eastern portion of the site, 

installation of compacted dirt roads around the perimeter of the site, interior dirt access roads throughout 

the site, and construction of chain link fences around the perimeter of the site.  

Because the site is relatively flat, slopes generally less than 1%, it is conducive to solar development. 

Little to no grading is anticipated for roughly 80% the site. Additionally, to minimize the impact of the 

development of solar arrays, the existing vegetation will be cut and crushed in place.  The existing 

vegetation will be cut using a skid-steer mounted bush whacker that will leave roots intact and mulch the 

cut material on-site. This method will allow for the vegetation to remain/regrow helping to stabilize the 

ground surface. The vegetation will largely remain in place throughout the life of the project with 

operations and maintenance trimming the vegetation under the solar arrays. The maintenance plan for the 

site will include trimming the existing vegetation every 6 months or as necessary to prevent shading of 

the panels.  

Grading will primarily be focused on the eastern portion of the site where large elevation changes occur. 

For solar sites, slopes of 10% or less are preferred for the constructability of the solar arrays. Therefore, 

Sub-basins A, D, F, G, and H will undergo moderate grading where slopes exceed 10%. The smooth, near 

planar ground surfaces will promote sheet-flows which exhibit less scour potential as compared to 

concentrated flows. For the west side of the site, the existing topography and drainage will be maintained. 

Chain link fencing is proposed around the site perimeters for security, which will allow passage of runoff.  

The solar racking system throughout the site will be elevated above the ground, supported on vertical 

posts driven into the ground with no excavation nor concrete foundations. The ground surfaces beneath 

the solar cells will remain as bare ground, consisting of the native, on-site soil. Precipitation will fall on 

the solar cells, run off the lower edges onto the ground surface, sheet flow across the site under the solar 

cells, and infiltrate into the ground similar to the pre-developed conditions. Concrete equipment 

foundations for inverter skids and substation equipment will be located sporadically throughout the site.  

Excess runoff will primarily be shallow sheet-like flows across the surfaces of the site. After flowing 

across the site, the majority of the runoff will have sheet-like flows off the site in a manner similar to pre-

project conditions. However, to compensate for the impact of the addition of impervious areas, small 

retention swales will be installed adjacent to the roadway at most of the historic outfall locations with a 

retention basin being constructed downstream of the substation and battery storage area in sub-basin K. 

As part of final designs, erosion control will be designed where flows enter and exit the retention basins. 
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In general, existing runoff locations and characteristics entering and leaving the site will be preserved to 

the greatest extent practical.  

The Project also includes the construction of a two-mile transmission line. As shown on Figure 4-1 the 

point of interconnection is on the southeast corner of the site. There will be no grading for the 

transmission line, and thus is not included in the preliminary drainage report.  

Figure 4-1 below details the planned site for the High Desert Solar Project.   
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Figure 4-1: Site Plan 

(not to scale) 
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5.0 OFFSITE FLOWS 

Figure 5-1 is an aerial overview of the conditions existing outside the project site. Shown below are the 

United States Geological Survey (USGS) existing 20 ft contours and flow lines off the site. The majority 

of the offsite runoff enters at the southeast corner of the project as sheet flow, and will follow its historical 

flow path across the site. The Rational Method was used to calculate the offsite flows, similar to the 

method used in Section 4.0. The approximate 100-YR, 24-HR flow rate is 120 CFS at the southern 

boundary. The velocity was estimated using the Rational Method calculation for velocity of shallow, 

concentrated flow. Using the slope and approximate length of the flow line, the velocity is calculated to 

be 1 ft/s.  These flows do not pose a threat for erosion of native soil, therefore, mitigation of these flows is 

not anticipated.  
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Figure 5-1: Offsite Flows 

(not to scale) 
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6.0 STORMWATER TREATMENT 

A stormwater retention basin will be installed along the downstream boundary of sub-basin K where the 

substation and battery storage areas will be located.  The basin will be installed at the historic discharge 

locations as shown on Figure 6-1. There is an existing pond located in sub-basin H which will be 

preserved for stormwater retention. The remaining sub-basins on the site do not require a large volume for 

stormwater treatment, so low-water crossings will be installed at the historic outfall locations to allow 

maintenance vehicles drive the perimeter of the site. Roads adjacent to the low-water crossings may be 

elevated up to 1ô above existing grade which will create a natural swale/retention area at the crossing. The 

swale will be designed to have sufficient volume to retain the increase of pre-versus-post runoff. In  Rip 

rap will be placed at the outfall points of each basin/swale to protect from erosion as stormwater leaves 

the site. Additional techniques to control erosion may be developed during final design. The following 

methods were used to size the retention basins for the site. 

1. Catchment Yield Fraction Method 

2. LID BMP Design Capture Volume (DCV) 

The LID BMP Design Capture Volume resulted in the largest retention volume; therefore, this method 

was selected for retention basin volume sizing. The two methods are explained below: 

6.1 Catchment Yield Fraction Method 

To estimate site stormwater volume, the catchment yield fraction method was used, consistent with the 

San Bernardino County Hydrology Manual. The methodology for this process included the following 

parameters: the NRCS curve numbers, initial abstraction values, and the NOAA Atlas 14 precipitation 

depths.  

The minimum design volumes of the storm water retention basins vary dependent on the subarea they 

serve. To determine the controlling methodology for retention volume, the runoff volume was initially  

calculated using the following formula (San Bernardino County Hydrology Manual): 

ὠ ὣz ὖ ὃz 

where V = Volume (ac-ft) 

Y = Yield fraction 

P24 = 24-hour precipitation depth (in), and 

A = Area (acre) 
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Columns 5 through 7 on Tables 4-1 and 4-2 show the results of the Catchment Yield Fraction Method. 

The tables show the flood volumes generated under the 10yr- 24hr, 100yr - 1hr, and 100yr - 24hr storm 

events. The results for both the 10-year and 100-year are provided in accordance with City of 

Victorvilleôs requirements. The detailed calculations can be found in Appendix A.  Retention basin 

volumes will be designed to retain the 100yr-24hr stormwater volume. 

6.2 LID BMP Design Capture Volume 

Because the site is located within the Mojave River Watershed, an alternate methodology for calculating 

retention volume was performed based on the Mojave River Watershed Water Quality Management Plan. 

As advised by Form 4.2-1 ñLID BMP Performance Criteria for Design Capture Volumeò, the equation for 

calculating retention volume is as follows: 

ὈὅὠὃὙὖὅ 

where DCV = Design Capture Volume (ft3) 

A = Area (ft2) 

Rc = Runoff Coefficient 

P6 = Mean 6-hr Precipitation (inches) 

C2 = Function of drawdown rate 

 

New storm retention has been designed along the downstream boundaries of the site, designed to retain 

the Design Capture Volume (DCV) in accordance with the Mojave River Watershed Water Quality 

Management Plan. See Appendix A, sheet ñRetentionò for detailed calculations. The proposed retention 

basin locations are shown on Figure 6-1. 

6.3 Retention Basin Design 

As noted in Table 6-1, the total combined minimum required stormwater retention volume using the San 

Bernardino County method was determined to be 0.014 ac-ft (post-construction conditions for the 100 

year ï 24 hour storm event). These values were then compared with the values calculated from Form 4.2-

1 LID BMP Performance Criteria for Design Capture Volume. Results from this methodology show that 

the total required stormwater retention volume should be 1.64 ac-ft. To be conservative, the larger of the 

two volumes was chosen for the retention basin sizing. . The site will utilize an existing basin located in 

sub-basin H to achieve the volume needed for the WQMP and San Bernardino County Hydrology 

Manual.  
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Table 6-1: Retention Volume 

San Bernardino County Hydrology Manual 

Mojave River 

WQMP  

Subarea Pre-dev 

100yr-24hr 

V (ac-ft)  

Post-dev 

100yr-24hr 

V (ac-ft)  

Retention 

Volume 

Required 

(ȹ Pre vs. 

Post) 

V (ac-ft) 

LID BMP 

Design Capture 

Volume 

Required V (ac-

ft) 

Basin Volume 

Provided  

V (ac-ft) 

A 2.03 2.03 0.00 0.04 0.04 

B  9.77 9.77 0.00 0.21 0.86 

C 4.45 4.45 0.00 0.09 0.09 

D 0.98 0.98 0.00 0.02 0.03 

E 3.83 3.83 0.00 0.31 0.86 

F 5.19 5.19 0.00 0.11 0.11 

G 0.79 0.79 0.00 0.06 0.07 

H* 4.93 4.93 0.00 0.10 1.20 

I 1.31 1.31 0.00 0.03 0.03 

J* 6.32 6.34 0.02 0.53  

K 4.18 4.24 0.06 0.13 0.27 

Total 43.76 43.84 0.08 1.64 3.56 

V = Volume 

ac-ft = acre-feet 

*The retention basin in Subarea H will  utilize an existing topography to assist in providing retention for the LID BMP Design 

Capture Volume  
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Figure 6-1: Drainage Map 

(not to scale) 






















